In relating diastolic pressure to the transition between sounds of different character, Krylov was initiating a school of thought which has persisted ever since and is in contrast to that favouring the final transition from sound to no-sounds. Ettinger (1907) indicated that Krylov was following the suggestion made by M V Yanovsky, a discussant at Korotkov's second presentation -as is evident in the published account (Korotkov 1905 (Korotkov , 1906 . The transition placed between phases 2 and 3 failed to commend itself, however; it was manifestly too high. (Here and elsewhere (except for quotations) phase implies region and numbers refer to phases.)
The third significant contribution was the one by Ettinger (1907) who wrote from Warsaw, this time in German and for publication in Vienna. Hence the neglect which has been the fate of Krylov's studies in the West was avoided by Ettinger. The sequence he proposed is represented in Figure 3 . Levels at which manometric readings were taken down by a second observer are indicated in Figure 3 by the cardinal numbers which Ettinger called as each level was reached. For highest and lowest levels he drew comparison with the systolic and diastolic blood pressure readings obtained by using earlier, non-acoustic methods. (Korotkov 1906 , translation by Ruskin 1956 In Figures 1-3 the word 'sound' translates from the Russian word pronounced 'ton' and from the German word 'Ton'. I have chosen 'murmur' to represent the Russian word pronounced 'shum' and the German 'Geriiusch'; and the word 'muffled' represents the German 'dumpf', In all three early publications usage is consistent -as it has been since in the main.
The word 'phase' was introduced by Krylov (1906) . The word is, of course, Greek and appears unchanged in Russian and in German. Its use has been criticized as ambiguous (Committee of the American Heart Association & Committee of the Cardiac Society of Great Britain and Ireland 1939), but persists. The ambiguity dates back to Ettinger (1907) whose usage of the word at times signifies 'period' or 'region', conforming to the convention in physical chemistry or in describing development, for example; at other times, as in the passage translated below, phase signifies 'transition' or 'phase boundary'. The italics, mine, are intended to emphasize the unfortunate words which have provoked subsequent lack of clarity. 'In typical cases he [Krylov] distinguished three phases: the first is the moment ofappearance of sounds which are more muffled than the initial sounds. These sounds gradually become fainter and finally disappear entirely.'
Ettinger also made mention of 'the five phases', and unless phase means boundary there are either 4 or, if one includes the upper and lower silent regions, 6.
Fellner at Franzensbad, now Frantiskovy Lasne in West Bohemia, contributed an account (Fellner 1907) and secured its publication the same year as did Ettinger his. Fellner is mentioned by Ettinger as having spoken that year at the 24th Congress for Internal Medicine in Wiesbaden. Although 'a Russian doctor' is the extent of Fellner's credit, a full ascription to Korotkov and to Krylov was provided in the ensuing discussion by W Yanovsky. This Yanovsky was Ettinger's superior, not Krylov's -the M V Yanovsky mentioned earlier in this paper. Their later confusion by Fischer (1908) derives no doubt from vagaries (Ettinger 1907) in spelling.
Without stating a preference, Strasburger (1980) related muffling (lower boundary of maximal, ringing sounds) to the palpatory reading, and disappearance of sounds to the oscillatory reading of the diastolic pressure. He made no reference to numbered phases, gives no data and only quotes Korotkov as cited by Ettinger (1907) . Oliver (1910) favoured estimating diastolic pressure as halfway between appearance and disappearance of sounds. His paper is interesting historically in that at first Oliver writes: '... having heard that the stethoscope has been employed somewhere in Germany and at Johns Hopkins University for the purpose of measuring the blood pressure'; but before finishing the paper he had evidently acquired the report from Wiesbaden (Fellner 1907) and concludes: ' ... it would seem that we are indebted to Korotkow for suggesting the method ... I have not discovered that any [other] British observer has either adapted it or published anything about it'.
The earliest American publication on acoustic determination of blood pressure comes not from the Johns Hopkins but from Philadelphia (Gittings 1910) . In it the writer indicated that Fischer (1908) believed that transformation from the fourth to fifth phase coincided with diastolic pressure; though I cannot confirm this. Brunton (1910) , on grounds of convenience rather than accuracy, placed diastolic pressure at the onset of a 'loud, hammering sound' as pressure in the cuff was increased. His preference, the first explicit one, for what is equivalent to the 3/4 phase boundary probably explains its adoption by Brunton's fellow physicians in Britain. He did not refer to Korotkov or Krylov until 1914, although it is unlikely he was initially ignorant of their work since he had quoted Oliver (1910) .
In a further paper, Oliver (1911) completed his account of the acoustic technique derived from Continental (Fischer 1908) and American (Gittings 1910) sources. He concurred with Ettinger to the extent of describing 4 phases and now, like Ettinger and Gittings, identified diastolic pressure with the lower limit (i.e. transition 4/5) of the arterial sounds -or throbs, as he termed them.
The upper and lower limits of phase 2 and its occasional complete absence have only been of slight interest to, mostly early, investigators (Krylov 1906 , Ettinger 1907 , Fischer 1908 ). As we have seen, the occluding pressure at the phase's lower limit was regarded by Krylov as corresponding to diastolic pressure, but this view was soon abandoned. In fact, unlike the others, the second phase (presence of a murmur) depends on rheological properties of the blood in the same way as does a cardiac 'flow' murmur. Consequently, both the upper and lower boundaries can vary independently of central arterial pressure, which is the sole determinant of the other boundaries.
The lack of any sustained interest in phase 2 suggests that no obvious correlation exists between its limits and the clinical status -as might be expected when one considers the range of possible determining factors. Apart from sensitivity of the sound detection, those factors positively correlated include haemodilution, cardiac output, heart rate, arterial pressure central to, and vasodilatation peripheral to, the cuff. One authority has commented: 'Detailed discussion in reference to the second and third phase is not pertinent ... since those phases are of little, if any, practical importance and tend to confuse the issue in hand' (Committee of the American Heart Association & Committee of the Cardiac Society of Great Britain and Ireland 1939).
Rodbard and his coworkers (see Rodbard & Robbins 1967) have given some recent attention to the analysis of arterial sounds and suggested that the cuff pressure at which the phase 2 rumble (murmer) has reached maximum duration may provide a means of clinical appraisal of peripheral constriction.
The confusion between phase as a period and phase as a transition to the next period was alluded to by Swan (1914) . None of the 108 publications which were examined in preparing Table 1 refer to the region of cuff pressure above phase I as phase O. Only Brooks & Bleile (1918) attach numbers to all phases, but they start at 1 and identify 8 in all. Their nomenclature was not taken up; probably this is fortunate in view of its total incompatability with those already current. In contrast, the lowest pressure region where sounds are again absent is, following Ettinger, now universally regarded as being (or as being bounded by) the 'fifth phase' or 'phase 5'. Cardinal numbers, initially roman I ... V, have since 1955 (Pickering 1955) become increasingly preferred to ordinals and are now predominant.
In most of this debate the semantic, not to speak of scientific, ambiguities have persisted. The following quotation is from among the references of Table 1 . It should suffice as an example, though fortunately an extreme one, of incoherence resulting from variable definition. ' The fifth phase -disappearance of all sounds. . . In cases of aortic regurgitation the fifth phase is persistent ... to zero.' For comparison of the results of the Riva-Rocci/Korotkov technique and of intra-arterial manometry, particular reference should be made to the publications marked with an asterisk in Table I . To them may be added those of Short (1976) and Spence et al. (1978) .
Since 1920 at least (Gallavardin 1920), juxtaposition of maximum and minimum intraarterial pressures or of the results of indirect manometry has been in the form of a vulgar fraction with the higher value as numerator. Rodbard & Robbins (1967 ) Kirkendall et al. (1967 Both implications present Ettinger (1907 ) Gittings (1910 MacWilliam & Melvin (1914) Norris et al. (1928) Pickering (1955) Imply 'transition ' Wright et al, (1938) Smirk ( (1953) Expert Committee (1962) • Papers which report comparison with intra-arterial pressures Discussion Nomenclature of variation in the arterial sounds became important in the debate .(whose beginnings lay with Korotkov and Krylov themselves) over relationships to diastolic intraarterial pressure. Within the context of the Riva-Rocci/Korotkov method, we cannot observe intra-arterial pressure and must regard it as a derived concept. Thus, provided measurement technique is consistent, one can justify a preference for speaking of the occluding pressure as determining changes in arterial sound quality and it is in relation to this measurement that present-day epidemiological data on life expectancy, risk and effects of treatment have been assembled. Accordingly SBP and DBP could well be defined as systolic and diastolic brachial (occluding) pressures corresponding to auscultatory phenomena.
Whereas Krylov (1906) advocated a transition between sounds, Ettinger (1907) favoured one from sounds to silence as the better measure of diastolic pressure. Latterly the choice has been circumvented by recommending that pressures be noted for two transitions, so dividing DBP into two components (Expert Committee 1962 , Kirkendall et al. 1967 , O'Brien & O'Malley 1979 . Adopting this would afford a further reading without reinflation of the cuff and with less bias than by a repeat measurement which the observer expects to coincide with the first. The practice of noting all 3 readings reflects directly the de facto auscultatory observations and would possibly have been adopted 60 or 70 years ago but for preoccupation with crests and troughs of the continuously recorded intra-arterial pressure.
In scientific terms Ettinger contributed to the advances inaugurated by Korotkov and Krylov and gained wider readership than they. Further, his paper (Ettinger 1907 ) unlike Fellner's (1907 , correctly and fully acknowledged the work of Korotkov and Krylov who were his compatriots at that point in history. All this is now merely seen in mitigation of inconsistencies which have contributed so seminally to our present confusion; primarily Ettinger used 'phase' to signify both region and boundary. Moreover, he denoted the lower region of absent sound whilst ignoring the upper. Had the papers of Korotkov and of Krylov been as widely read as that of Ettinger, these inconsistencies could readily have been recognized before it became too late.
One possible solution has already been offered: Swan (1914) proposed that 'we adopt the word point to indicate changes of sound', and he identified such points in accordance with the phase which, when cuff pressure was decreasing, they initiated. Accordingly the fourth point lay between the third and fourth phases. This is clearly in accordance with the procedure which Ettinger (1907) established in his pioneer publication, the numbers attached to each observation of pressure being the cardinal equivalent of those for the phase beneath ( Figure 3) . It is unfortunate that Swan's suggestion was not generally adopted. The word 'point' was used by Sewall (1919) , Wright et al. (1938) and in an American Heart Association report (Kirkendall et al. 1967) . The terms 'point' and 'level' are both to be found in recommendations by the Committees of the American Heart Association and of the Cardiac Society of Great Britain and Ireland (1939) : but 'level' in referring to systolic and diastolic blood pressure, and 'point' in referring to the diastolic. Under 'Explanatory Comments' it is stated: 'The term "points" is suggested for use in reference to diastolic pressure, since the former commonly used word"phase" implies a measure of timeinterval whereas in reality the fourth and fifth "points" are the exact levels at which change is made from one phase to the next.'
Parenthetically we should note that intervals of pressure will only correspond to time intervals when the cuff is deflated at a constant rate.
Physical chemists and others speak in a similar connection of 'transition' or 'phase boundary' or 'interface'. The last two terms are apt, like point, to suggest an unjustified precision whenever there is a fuzzy demarcation between phases. As 'transition' is free from this imputation, its use probably creates the minimum of fresh difficulty.
Nevertheless, I would suggest that numbered phases, though hinting esoteric precision, merely confuse because of unnecessary complexity and because of conflicting usages. The reports of bodies such as a World Health Organization Expert Committee (Expert Committee on Cardiovascular Diseases and Hypertension 1959), and of writers (e.g. Bordley et al. 1951 , Geddes et al. 1966 , London & London 1967 , Spence et al. 1978 ) refer intelligibly to pressures at muffling and at disappearance of the sounds without mention of phases. If initials are required, DBP could be replaced by MBP (middle or muffling) and IBP (inferior).
Attempts have been made to modify the vulgar-fractional recording of systolic and diastolic blood pressure so as to include readings from both muffling and disappearance of sounds. One convention is to write a double denominator with a hyphen between (Committee of the American Heart Association & Committee of the Cardiac Society of Great Britain and Ireland 1939, Roberts et al. 1953) . Further, if used routinely, this notation can indicate which 'diastolic' reading was observed when only one is favoured (e.g. 180/120-or 180/-110 by the above convention). Clarity would be better served here by the use of a second stroke (e.g. 180/120/ or 180//110) in conformity with an alternative convention (Kirkendall et al. 1967 , O'Brien & O'Malley 1979 . Also, these authors prefer to measure and record all three values, as mentioned above.
Summary and conclusions
Korotkov's name is justly attached to the arterial sounds but it was Krylov who described their variations as phases. Ettinger added a fourth phase and denoted the lower region in which sounds are absent, as well as the boundary between, as a fifth. Thus strictly 'Korotkov phase 4' and 'Korotkov phase 5' are incorrectly attributed. Further, the variable meaning of 'phase' has been perpetuated so that numbering it gives a false impression of precision. Aside from the, unambiguous, systolic pressure, we could better refer to 'pressures at muffling or at disappearance of sounds' and indicate which of them is measured -by the use of two strokes in recording readings, e.g. as 180/120/ mmHg or 180//110 mmHg respectively. Better still would be to measure routinely all 3 relevant acoustic divisions of the occluding pressure; and record in the form 180/120/110 mmHg for the example given.
